Polyurethane elastomers are universal materials whose properties can be controlled readily in a wide range by changing the synthesis conditions and the chemical nature and ratio of the initial compounds. The unique combination of high physicomechanical and physicochemical properties makes them valuable structural materials. However, articles based on polyurethanes (PUs) have a low heat resistance that limits their application [1] . Furthermore, the comparatively small choice of polyols and the high toxicity of the low molecular weight polyisocyanates used in urethane formation reactions also limit the application of these polymers in different areas of science and engineering. Therefore, it is an urgent matter to produce, on the basis of low-toxicity initial substances, polyurethane elastomers (PUEs) and polyurethaneurea elastomers (PUUEs) that are resistant to the action of elevated temperatures and possess a combination of high physicomechanical and physicochemical characteristics. One way to tackle this problem is to use, for the production of PUEs, phosphorus-containing monomers with hydroxyl and amino groups and oligourethane diisocyanates (OUDs) characterised by low volatility and low toxicity. As is known [2], phosphorus-containing polymers possess increased heat stability and, owing to the high P-O bond strength and inhibition of internal rotation of segments of polymer macromolecules in relation to the P=O group, they are also characterised by increased physicomechanical and physicochemical properties. However, industry now has virtually no available phosphorus-containing monomers suitable for the synthesis of PUEs and PUUEs. In this connection, the aim of the present work is to develop a method for producing nitrogen-and phosphorus-containing monomers (NPCMs) based on readily available feedstock, and to investigate the properties of these monomers and also the properties of PUEs and PUUEs based on them.
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As monomers in the synthesis of PUEs and PUUEs it is possible to use various phosphorus-containing diols obtained by transesterifi cation of phosphoric acid esters. However, monomers -dialkylphosphite derivatives -are simpler to produce by the Todd-Atherton reaction [3] . Depending on the nature of the substances taking part in the indicated reaction, it is possible to synthesise NPCMs both with hydroxyl and with amino groups. Therefore, the Todd-Atherton method was the basis of the method for producing NPCMs.
The initial substances were dimethylphosphite (DMP), carbon tetrachloride, monoethanolamine (MEA), and diethanolamine (DEA). Syntheses were carried out by the following procedure. Quantities of 0.25 mol dimethylphosphite and 0.25 mol carbon tetrachloride, and also a catalytic amount of dimethylaniline (0.3 g), were placed in a three-neck fl ask equipped with a mechanical stirrer, a drop funnel, and a refl ux condenser. Syntheses of NPCMs were conducted without access of moisture at a temperature of 20°C, adding 0.25 mol of MEA (or DEA) in drops. The obtained mass was vacuum treated at a temperature of 65°C under water jet pump pressure for 3 h. In the course of the syntheses, the reactions shown in Scheme A took place:
The substances produced were highly viscous liquids of yellow colour. To establish their individuality, the content of hydroxyl groups was determined experimentally and compared with theoretically calculated values ( Table 1) . The data given in In order to establish the purity and individuality of the NPCMs obtained, they were investigated by methods of thin-layer chromatography (TLC), IR spectroscopy, and turbidimetric titration. Chromatographic investigations by TLC were conducted on plates of the Silufol VW-256 type. The eluant was chloroform, and the developer was iodine vapours. After development of the plates, spots were found on them, extended slightly in the direction of their movement. The delay factor R f = 0.35-0.4, indicating the low polarity of the NPCMs obtained.
On the IR spectra of the synthesised NPCMs there are strong absorption bands in the 1190-1170 cm -1 region that are characteristic of vibrations of the P-OCH 3 bond [4] . Stretching vibrations of the P=O bond are superimposed on the deformation vibrations of the C-H bond of the hydroxyethyl residue of mono-and diethanolamine and lie in the region 1350-1175 cm -1 . On the IR spectra there are also broad absorption bands in the 3350-3550 cm -1 region, characteristic of vibrations of free hydroxyl groups. In their set of absorption bands, the IR spectra of the studied NPCMs practically coincide, but on the IR spectrum of NPCMs based on DEA there are no absorption bands characteristic of vibrations of the NH group (700-750 cm -1 ). These data indirectly confi rm the formation of NPCMs by the reactions given above.
Investigation of the solubility of NPCMs in different solvents showed that they have unlimited solubility in alcohols and limited solubility in halogen derivatives of hydrocarbons, in ketones, and in aromatic hydrocarbons, and are practically insoluble in aliphatic hydrocarbons. On the basis of these data, we selected the following solvent-precipitator system for turbidimetric titration of NPCMs, carried out for additional determination of their purity and individuality: solvent -butanol-1; precipitator -2,2,4-trimethylpentane (isooctane). Turbidimetric titration was carried out on a photoelectric colorimeter of the FEK-4 type at room temperature. The maximum spectral sensitivity of the unit was in the region of 470 nm. Figure  1 presents differential curves of the turbidimetric titration of synthesised NPCMs (the dependences of the change in optical density of solutions of NPCMs in butanol-1 on the volume of the added isooctane). As can be seen, both curves have narrow peaks, which indicates the low molecular weight distribution of the NPCMs and consequently their suffi ciently high purity.
The synthesised NPCMs are polyfunctional monomers and can be used as curing agents of OUDs for the production of PUEs and PUUEs. Therefore, subsequently, by the interaction of NPCM with resin SKU PFL-100 [OUD based on polyfurite (polybutylene glycol-1,4 with a molecular weight ≈ 2000) and 2,4-toluylene diisocyanate], the corresponding polyurethanes were produced. Here, a ratio of functional groups of the NPCM and NCO groups of the OUD of 1:0.9 was chosen, which corresponds to a mass ratio of NPCM to SKU PFL-100 of 1:9.3 (for NPCM based on MEA) and 1:7.3 (for NPCM based on DEA). Syntheses of PUE and PUUE were conducted by the method of free casting. For this, the initial components were mixed in bulk in Scheme A (1) and diethanolamine (2) the presence of a urethane formation catalyst [dibutyl tin dilaurate (DBTDL)] and the reaction mass was held in petri dishes at a temperature of 80°C for 8 h.
The obtained elastic transparent polymeric fi lms of bright-yellow colour were investigated to determine their physicomechanical properties (adhesive strength σ adh , cohesive strength σ coh , breaking elongation ε b , tension set θ b , Shore A hardness H A ) and physicochemical properties (gel fraction content P, degree of swelling Q in different solvents). A study was also made of their resistance to thermo-oxidative degradation (heat resistance) under static load and uniform heating.
To assess the effect of phosphorus-containing fragments of NPCMs on the properties of polymers, a PU based on SKU-PFL-100 resin and 1,4-butanediol was synthesised and its properties investigated by a similar procedure. The length of the intercrosslink segment in macromolecules of the obtained PU is similar to the length of the intercrosslink segment in phosphorus-containing PUEs and PUUEs [the length of the intercrosslink segment was taken to be the macromolecule segment that is formed by the NPCM and contained between urethane groups (in PUEs) or between urea and urethane groups (in PUUEs)].
The adhesion and elastic properties of PUEs and PUUEs were studied on an R-500 tensile testing machine (the limiting breaking load was 500 kg, and the loading rate of the specimen was 100 mm/min) at room temperature. The hardness was determined on a TIR-1 hardness meter (limiting hardness 100 nominal units, scale division 0.2 nominal units). The data obtained in studying the physicomechanical properties of PUEs and PUUEs, and also the properties of a carbon-chain PU based on SKU PFL-100 resin and 1,4-butanediol, are presented in Table 2 . As can be seen from the data in Table 2 , on switching from PUUEs to PUEs there is an improvement in the elastic and strength properties of the polymers, which is due to the greater length of the hydrocarbon fragment, comprising an intercrosslink segment, in PUEs. Here there is a reduction in the concentration of polyurethane groups forming intermolecular hydrogen bonds, which leads to an increase in the fl exibility of the PUE macromolecules by comparison with the fl exibility of PUUE macromolecules. Table 3 gives the results of investigating the physicochemical properties of the polymers. As can be seen, the physicochemical properties of the PUs based on NPCMs differ little from those of the carbon-chain PU. This is due to the fact that phosphorus-containing fragments do not enter the main chain of the PUE and PUUE macromolecules but form side frames.
The resistance of the polymers to thermo-oxidative degradation (the temperature of intense breakdown T ib ) was determined by analysing thermomechanical curves [5] obtained on a UIP-70 M unit (pressure on specimen 1 kg/cm 2 , heating rate 2.5 K/min). For PUUEs, PUEs, and the carbon-chain polyurethane, T ib is 305, 300, and 235°C respectively, which indicates the greater heat resistance of phosphorus-containing PUs by comparison with carbon-chain PU.
Thus, using the Todd-Atherton reaction, we have developed a method for producing nitrogen and phosphorus-containing monomers with hydroxyl and amino groups. On the basis of these monomers and SKU PFL-100 resin, phosphorus-containing polyurethane and mixed polyurethane-urea elastomers have been produced, and their physicomechanical and physicochemical properties have been studied, as well as their resistance to thermo-oxidative degradation. It has been shown that phosphorus-containing PUs possess increased service properties by comparison with carbonchain PU of comparable molecular weight. 
